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Abstract—Digital Breast Tomosynthesis (DBT) is a developing
imaging modality which produces 3D images of a breast. Iterative
image reconstruction techniques, such as Algebraic reconstruction
technique (ART), have been proposed to help increasing success in
detecting masses and micro-calcifications. To enhance the quality
of reconstructed image, total variation (TV) minimization was
applied to the images reconstructed by ART. Nowadays, the
number of published papers dealing with 3D TV minimization on
ART (ART+TVsp) tends to increase. On the other hand, in the
signal processing literature, a new majorization-minimization
(MM) algorithm on TV denoising is described for an N-point x(n)
as 1D signal. According to our literature review, this 1D MM
algorithm has not been applied to DBT studies yet. In this paper,
we propose a method to combine MMip algorithm with
ART+TVip: “ART+TV3;p+MMip”. Both quantitative and
qualitative analyses of the proposed method ART+TV3p+MMip,
ART+TVip, and ART are performed for a phantom that mimics
3D breast and a real 3D breast phantom with 301x236x8-
dimensions.

Keywords—digital breast tomosynthesis, iterative reconstruction,
total variation, majorization-minimization

1. INTRODUCTION

HERE are two types of methods, including analytical and

iterative algorithms to reconstruct tomosynthesis images
for detecting masses and micro-calcifications. Algebraic
reconstruction  technique (ART), an iterative image
reconstruction method, is used to reconstruct 3D image of a
breast. It is becoming one viable alternative method to the
conventional image reconstruction techniques, such as filtered
back projection (FBP) [1], [2]. ART reconstructs a few
projections acquired from a limited view angle scanning of a
breast. In the last decade, DBT studies have largely addressed
the problem of obtaining reconstructed image from a few
projections, which means a highly under sampled data. This can
be done via compressed sensing (CS) [3], [4]. Total variation
(TV) [5], one of the operators of CS, minimizes /; or ; norm of
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the gradient of the image, and this idea was applied to the
tomosynthesis imaging problem. TV minimization can be
applied to the tomosynthesis images reconstructed by ART to
address limitations of the problem such as out of focus slice
blurring. Nowadays, while the majority of the studies deal with
2D TV minimization, only few of them mention 3D TV
minimization [6]. On the other hand, in the signal processing
literature, a new majorization-minimization (MM) algorithm [7]
on TV denoising is described for an N-point x(n) as 1D signal
[8]. The (MM) algorithm is an optimization method which
exploits the convexity of a function in order to find its maxima
or minima to optimize a developed iterative algorithm [7],[9].

To the best of our knowledge, this MM p algorithm has not
been applied to DBT studies yet. In this paper, we propose and
implement an application of MM,p algorithm to 3D DBT
imaging problem. Both quantitative and qualitative analyses of
the proposed method called “TVMM”, ART+TVip called
“TV3D”, and ART are carried out for a phantom that mimics 3D
breast and for real digital breast images, as well.

II. METHODS

The proposed method called “TVMM” was implemented for
a phantom with dimensions 61x61x9 that simulates 3D breast
roughly and for DBT images of CD Pasmam 1054 phantom [10]
scanned via Siemens MAMMOMAT [11], as well. In TVMM
method, MM p algorithm is applied to ART+TV3p volumes in
each iteration.

A. Applications of Analytical Phantom

Nine slices of analytical phantom with dimensions 61x61
that simulates a 3D breast is illustrated in Fig.1. Layer-3 is
chosen as the layer of interest (LOI) due to the existence of fine
details in this layer.
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Fig.1. 9 layers of the mimic of a 3D breast (61x61x9).
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We have simulated the acquisition of 25 projections via
Siddon’s algorithm [12] and calculated the system matrix by the
same method. The phantom was scanned at angles of (-25.19°,
-22.98°, -20.78°, -19.12°, -17.22°, -15.14°, -13.45°, -11.41°,
-9.54°, -7.48°, -5.63°, -3.55°, -1.92°, 0.29°, 2.23°, 4.00°, 5.79°,
7.84°,9.99°, 11.64°, 13.49°, 15.6°, 17.76°, 18.92°, 21.77°) in the
same way as the real geometry of DBT system of Siemens
MAMMOMAT.

ART formulated in (1) [13] was used to reconstruct these 25
projections by applying 10 iterations. The voxels of the phantom
are updated ray by ray for each projection, and updating is
repeated for all 25 projections to complete a single iteration.
During each iteration of ART+TV3p method, 3D TV
minimization, expressed in (2) [6], is applied to 3D data
reconstructed by ART.
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In the proposed TVMM (ART+TV;3p+MMip) method, we
apply MM p algorithm after 3D TV minimization step at each
iteration. The major difference here is that 3D data is reshaped
to 1D as input of TVMM algorithm after 3D TV minimization.
The second point is that TVMM algorithm has another inner
iteration process in itself. We adapted the open source matlab
program of MM p algorithm developed by [8] to our problem
with 5 iterations. All simulations were implemented on Matlab
R2015b.

B. Applications of Real DBT Images

CD Pasmam 1054 phantom manufactured by Southern
Scientific Ltd, West Sussex United Kingdom was scanned with
a Siemens MAMMOMAT Inspiration system (Siemens AG,
Healthcare Sector Erlangen, Germany) installed in a clinical
facility (Hospital da Luz S.A., Lisbon, Portugal). The equipment
acquires 25 projections with short x-ray pulses with 28 kVp and
056 mAs.

The reference projection taken at 056 mAs dose at angle of
0.29° (center of moving arm) and FBP image of Siemens
MAMMOMAT are shown in Fig. 2.
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Fig.2. The reference projection at angle of 0.29° (left) and FBP (right).

We run all algorithms for down sampled projections as
301x236 pixels. We reconstruct 25 down sampled projections as

8 slices in this project and compare our results of reconstructed
images with down sampled of 300x220 pixels and 8 slices
images of Siemens MAMMOMAT’s FBP.

III. RESULTS AND CONCLUSION

A. The Results of Analytical Phantom

The results of LOI (3" Layer) of ART, TV3D, and TVMM
can be visually compared in Fig.3. The visual interpretation can
be done by focusing on two objects of interest (OOI-A and OOI-
B). While obtaining similar results in both TV3D and TVMM,
both methods outperformed ART. Among all methods, TVMM
has the lowest background noise level.

Fig.3. Original LOI (a), the reconstructed LOI via ART (b), TV3D
implementation of ART (c), and TVMM implementation of TV3D (d).

To evaluate the performance of TVMM method by
comparing to TV3D and ART, apart from qualitative
assessment; quantitative metrics such as signal to noise ratio
(SNR) and structural similarity (SSIM) of the LOI are examined
as well. The behaviors of SNR and SSIM versus the number of
iteration are given in Fig. 4 and Fig. 5, respectively.
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Fig.4. SNR (dB) values of ART, TV3D, and TVMM.
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Structure SIMilarity (SSIM), introduced by [14] as a new
metric, offers a metric which has a closer match with the human
vision. Matlab code for SSIM can be accessed on [15].
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Fig.5. SSIM values of ART, TV3D, and TVMM.

At the end of the 10™ iteration, while SSIM value of TV3D
is 0.9771, TVMM reaches to 0.9814 SSIM value. Furthermore,
SNR (dB) values of TV3D and TVMM are 27.29 and 27.65,
respectively. ART performed the poorest for both metrics. In
conclusion, the proposed method TVMM helps in obtaining
superior results in terms of SNR and SSIM values compared to
TV3D.

B. The Results of Real DBT Images

Reconstructed images of 25 projections of real breast
phantom CD Pasmam 1054 by FBP-Siemens MAMMOMAT,
ART, TV3D, and TVMM for 056 mAs are shown in Fig. 6.

» © w W W

W W wo W W 2 W 40 0 M 10 W M0 10 W0 20 20

Fig. 6. FBP (a), ART (b), TV3D (c), and TVMM (d) for 56 mAs.

OOI-1 (Object of Interest-1) drawn on the reference
projection in Fig.2 is blurred in the reconstructed image by the
FBP compared to the reconstructed images by ART, TV3D, and
TVMM (see Fig. 6). When we zoom in OOI-2 in Fig. 7, TV3D
and TVMM provide better images in terms of preserving the
edges than the FBP and ART methods.

Our proposal method TVMM makes the sharpness of OOI-
2 increase. Additionally, it is spied on that the quality of
detectability of the square-shape is much better for our
applications than FBP. In the method, TVMM that we propose
has similar quality as TV3D. Moreover, it is quite obvious that
TVMM is much better quality than ART.

FBP 056mAs

TV3D 056mAs

ART 056mAs TVMM 056mAs

Fig.7. Zoom in 100-2; FBP (a), ART (b), TV3D (c), and TVMM (d).

For the quantitative analysis of the methods, CNR (contrast
to noise ratio) defined in (3) and 1-D profile explained on next
page of the reconstructed images were used.

CNR = (/LlROI - Il’lBackgraund)/ O-Background (3)

where Lpo, and Up,oroung are mean values of ROI and

background selected on an OOI respectively, and O ;4 00uma
stands for standard deviation value of background.

ROI-1 (in OOI-1), ROI-2 (in OOI-2) and their background
areas are illustrated in Fig. 8. The CNRs of ROI-1 and ROI-2 of
the methods are compared in the Table. 1.

TABLE I. CNR VALUES OF FBP, ART, TV3D, AND TVMM

FBP ART TV3D TVMM
CNR of ROI-1 1,034 39,514 42,292 42,208
CNR of ROI-2 1,528 1,146 1,124 1,126

Authorized licensed use limited to: Abdullah GUI Univ (KAYSERI ABDULLAH GUL UNIVERSITESI). Downloaded on April 06,2023 at 07:52:21 UTC from IEEE Xplore. Restrictions apply.



Fig.8. ROI-1 (yellow), background of ROI-1 (black), ROI-2 (red), and
background of ROI-2 (green).

CNR values of ROI-2 of TV3D and TVMM are less than the
one of the FBP. This can be explained by the effect of down
sampling, carried in the images reconstructed by the FBP, in
smoothing the background. On the other hand, CNR values of
ROI-1 of TV3D and TVMM are way better than the one of the
FBP method.

For the 1-D profile comparison, the horizontal profile shown
by ared line in Fig. 9 was chosen. 1-D profiles of the FBP, ART,
TV3D, and TVMM are given in Fig. 10. TVMM and TV3D
show better performance than ART by generating smoother
images in the uniform areas and than FBP by creating sharper
edges between the uniform areas.

Fig.9. 1-D profile in I00O-3.
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Fig.10. 1-D profiles of the FBP (1" row)), ART (2™ row), TV3D (3" row),
and TVMM (4" row).

In this work, a new majorization-minimization (MM)
algorithm on TV denoising has been adapted to DBT image
reconstruction problem by applying it to images reconstructed
by ART+TV3p. The proposed method was compared by the FBP
of Siemens MAMMOMAT, ART, and ART+TVj3;p both
qualitatively and quantitatively. Based on the visual inspection,
SNR value, CNR value, SSIM value, and 1-D profile, the
proposed and TV3D methods provided superior results over the
FBP method of Siemens MAMMOMAT, and ART method.
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